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AESTRACT 


Long-period  signals  and  noise  samples  recorded  at  Murphy 
Lome,  Alaska,  on  standard  LRSM  instruments  and  the  Geotech 
triaxial  seismometer  were  subjected  to  spectral  analysis. 
°ystem  noise  tests  showed  that  recorded  seismic  noise  was 
limited  to  a  band  from  .02  to  0.3  cps.  Spectra  representing 
many  recording  periods  between  January  and  August  1969  re¬ 
vealed  the  background  noise  to  be  of  variable  character  and 
the  RMS  to  range  from  2.5  millimeters  to  5.2  millimeters  on 
a  trace  magnified  105  times  with  the  standard  LRSM  system 
response.  Due  to  its  location  at  depth  the  triaxial  instru¬ 
ment  significantly  reduced  background  noise  on  horizontal 
components  caused  by  atmospheric  pressure  changes.  Coherence 
between  triaxial  components  of  motion  and  corresponding  LRSM 
components  was  excellent  for  most  signals  analyzed. 


INTRODUCTION 


A  long-period  triaxial  seismometer  has  been  in  operation 
**  at  Murphy  Dome,  Alaska,  since  December  1968  at  various  depths 

to  175  feet  within  a  borehole.  During  this  time  a  LRSM  site 
•  (FB-AK)  has  been  maintained  at  the  same  location.  Thus,  there 

is  the  opportunity  to  compare  seismic  background  samples  and 
signals  as  recorded  by  the  triaxial  instrument  with  those  re¬ 
corded  by  the  standard  long-period  instruments  of  the  LRSM 
program  on  the  surface.  Further,  a  microbarograph  has  been 
operating,  and  the  effects  of  atmospheric  pressure  changes  on 
the  background  noise  can  be  quantitatively  assessed. 

INSTRUMENTATION 

Three  Advanced  Long  Period  seismometers  (hereafter  termed 
"ALPs")  as  described  by  Geotech  (1964)  were  operated  at  the 
surface.  These  were  oriented  in  the  vertical,  north,  and  east 
directions.  The  long-period  triaxial  seismometer  (hereafter 
termed  "Triax" )  as  described  by  Geotech  (1969)  was  emplaced  in 
a  borehole.  Transformation  of  triaxial  components  into  vertical, 
north,  and  east  motion  is  straightforward  and  is  accomplished 
at  the  site.  The  relations  are  such  that  magnifications  of  the 
three  transformed  components  will  be  identical  if  the  three 
separate  triaxial  components  are  operated  at  equal  gains.  Table 
1  lists  the  abbreviations  used  in  this  report  to  designate  the 
various  ALPs  and  Triax  components.  Relative  response  curves 
for  both  systems  have  been  matched  since  operation  began.  Prior 
to  March  1,  1969,  the  response  for  both  systems  was  of  the  stand¬ 
ard  LRSM  long-period  type,  Figure  1;  and  after  March  1,  1969, 
the  response  of  both  systems  was  altered  to  that  also  shown  in 
Figure  1,  which  will  be  referred  to  as  the  "ALPA"  (Advanced 
Long-Period  Array)  response.  Both  responses  are  uncertain  outside 
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the  period  band  from  10  to  100  seconds,  but  smooth  attenuation 
rates  can  be  assumed.  Since  spectra  shown  in  this  report  will 
be  reduced  to  absolute  ground  motion  at  25  seconds  period  only 
and  will  not  be  corrected  for  system  response  relative  to  this 
period,  these  curves  must  be  kept  in  mind  in  viewing  actual 
spectra  representing  recording  times  before  and  after  March  1, 
1969  . 

The  microbarograph  in  use  at  Murphy  Dome,  Alaska,  is 
Geotech’s  commercial  model.  Its  system  response  is  sufficiently 
flat  over  the  frequency  range  of  interest  (.008  to  .5  cps)  that 
spectra  of  recordings  from  this  instrument  are  representative 
of  absolute  pressure  changes  at  all  frequencies. 

SPECTRAL  COMPUTATIONS 

All  the  data  for  this  report  were  band-pass  filtered  be¬ 
tween  .002  and  1.0  cps  with  24  db/octave  cutoff  on  both  ends 
and  were  digitized  at  a  rate  of  one  sample  per  second.  Since 
the  Cooley-Tukey  fast  Fourier  transform  technique  was  employed, 
record  lengths  were  fixed  at  an  even  power  of  two.  All  noise 
samples  analyzed  consisted  of  2048  points,  and  signals  analyzed 
varied  from  128  to  2048  points.  Spectra  were  smoothed  by  the 
Hanning  function  and  decimated  by  two  successively  until  a  final 
spectra  of  64  points  plus  the  DC  term  remained,  representing 
0.0  to  0.5  cps  in  frequency  increments  of  .0078  cps.  The  DC 
value  is  ignored  and  the  first  point  of  the  spectra  corresponds 
to  a  period  of  128  seconds  in  the  plots  shown  later.  Power 
spectra  of  the  seismic  traces  are  reduced  to  absolute  ground 
motion  at  25  seconds  period  only  by  applying  a  demagnification 
•f^cTor  determined  from  calibration  data  at  this  period.  Micro- 
barograph  spectra  have  been  reduced  to  absolute  pressure  changes. 

Coherencies  were  computed  from  the  smoothed  power  spectra 
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according  to  the  formula 


Y(f>  = 

where  P..  is  the  power  spectrum-  of  the  first  or  second  trace 
and  P ^  is  the  cross-power  spectra  of  the  two  traces. 

Spectra  computed  in  this  manner  represent  only  a  finite 
sample  of  a  noise  process.  Assuming  the  noise  to  be  Gaussian 
and  stationary  (see  VESIAC  Advisory  Report,  1962,  for  dis¬ 
cussions)  we  can  utilize  the  method  of  Jenkins  and  Watts  (1968) 
to  define  confidence  limits  on  the  computec  values  of  the  spec¬ 
tral  estimates.  We  find  that  for  2048  point  samples,  the  95% 
confidence  limits  at  any  frequency  for  an  estimate  of  power 
equal  to  1.00  y2/cps  arc  0.65  and  1.75y2/cps.  The  interval 
defined  by  these  limits  at  1.00y2/cps  can  be  moved  up  or  down 
on  the  logarithmic  plot  of  power  without  changing  its  visual 
length  although  the  absolute  values  of  the  limits  will  of 
course  be  proportional  to  the  particular  power  estimate  under 
consideration.  The  95%  confidence  limits  will  be  shown  on  all 

noise  spectra. 

Of  equal  importance  in  this  study  are  the  confidence  limits 
on  the  estimates  of  noise  coherence.  We  follow  Bendat  and  Piersol 
(1966)  in  calculating  95%  confidence  limits  again  assuming  a 
stationary  Gaussian  noise  process,  and  these  limits  are  tabulated 
in  Table  2  for  several  values  of  y  in  the  range  where  their  for¬ 
mula  is  applicable.  Below  y  =  0.60,  no  confidence  limits  can  be 
estimated;  but  from  Jenkins  and  Watts,  a  level  below  which  the 
hypothesis  of  actual  zero  coherence  can  be  accepted  in  95%  of 
the  cases  is  y  =  0.42  for  our  samples  of  2048  points.  Thus  only 
points  above  0.42  bear  significant  evidence  that  the  sampled 
noise  processes  have  non-zero  coherence  over  the  infinite  time 

interval . 
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SYSTEM  NOISE 


An  evaluation  of  system  noise  is  a  prerequisite  to  pro¬ 
per  interpretation  of  seismic  noise  spectra.  For  the  ALPs  and 
Triax  systems,  this  was  accomplished  by  substituting  a  resistor 
for  the  seismometer  input.  Power  spectra  of  all  nine  recorded 
traces  (including  the  raw  triaxial  seismometer  components)  dur¬ 
ing  this  dummy-load  interval  of  recording  are  shown  in  Figure 
2.  The  Triax  recording  system  shows  about  16  db  more  system 
noise  than  the  ALPs.  The  two  sharp  peaks  at  about  0.2  and  0.4 
cps  are  believed  to  originate  from  the  mechanical  functioning 
of  the  tape  recorder  or  playback  equipment.  Comparison  of 
power  levels  in  Figure  2  with  power  levels  from  the  same 
channels  during  a  period  of  normal  seismic  recording  in  Figure 
3  indicates  the  portion  of  the  spectra  which  is  dominated  by 
system  noise.  It  is  evident  that  the  frequencies  outside  the 
band  of  .02  to  .20  cps  for  the  Triax  or  .02  to  .30  for  the  ALPs 
comprise  system  noise  and  that  little  or  no  seismic  noise  infor¬ 
mation  can  be  obtained  outside  these  bands.  Figure  3  itself 
reveals  the  higher  system  noise  on  the  Triax  when  the  seismic 
noise  is  aligned  on  the  vertical  (power)  scale  between  the 
Triax  and  the  ALPs  systems.  (It  became  apparent  when  further 
seismic  noise  spectra  were  computed  that  the  system  noise  on 
the  Triax  was  greater  than  on  the  ALPs  only  at  certain  times, 
and  thus  there  is  no  inherently  higher  noise  level  for  the 
Triax  system).  Lower  power  levels  of  seismic  noise  can  be 
studied  if  gains  are  adjusted  to  record  the  instrument  output 
at  a  higher  level  relative  to  the  system  noise,  which  is  mostly 
tape-generated.  This  report  will  show  one  spectra  for  which 
the  gains  were  increased  by  a  factor  of  3;  all  other  noise 
spectra  represent  normal  recording  with  background  noise  set 
to  a  standard  recording  level  in  the  LRSM  program  (Geotech,  1962). 
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SEISMIC  NOISE 


Noise  samples  at  selected  dates  from  January  1969  through 
August  1969  were  processed.  Not  only  was  the  spectral  content 
of  the  noise  assessed  but  also  some  particular  investigations 
such  as  of  the  coherence  between  seismograph  and  microbarograph 
recordings  and  of  the  propagation  direction  of  assumed  Rayleigh¬ 
mode  noise  were  undertaken. 

Spectra  of  Noise  at  Murphy  Dome 

Dates  and  time  windows  for  2048  point  samples  of  noise  at 
Murphy  Dome  are  listed  in  Table  3.  These  samples  represent  a 
wide  variety  of  noise  character  on  film  records--low  to  high 
microseisms,  isotropic  noise,  low  to  high  accompanying  atmo¬ 
spheric  pressure  fluctuations,  and  some  relatively  quiet  periods. 
The  power  spectra  of  vertical  and  east  components  for  these 
samples  are  shown  in  Figures  4a  and  4b  according  to  whether  they 
represent  time  prior  to  or  after  March  1,  1969,  respectively, 
sc  that  the  difference  in  the  relative  response  curves  of  Figure 
1  may  be  taken  into  account.  At  most  the  difference  in  system 
response  will  only  effect  the  power  spectra  values  by  a  factor 
of  2.  Except  for  cases  as  marked  in  Table  3,  the  ALPs  recordings 
were  used  in  the  spectral  calculations.  The  dominance  of  two 
peaks  in  the  seismic  noise  is  evident — the  first  represents 
high  recorded  amplitudes  at  periods  from  14  to  20  seconds  and 
the  second  represents  periods  from  7  to  9  seconds.  For  three 
spectra  in  Figure  4b  from  the  May,  June,  and  August  samples, 
both  these  peaks  are  very  subdued,  and  very  long  period  noise 
( >  2  0  seconds  period)  accounts  for  maximum  recorded  amplitudes. 
This  particular  noise  may  not  be  of  seismic  origin,  and  moderate 
microbarograph  levels  suggest  that  the  recording  system  is 


responsible  for  this  very  long-period  noise.  The  14-20  sec¬ 
ond  peak  maintains  a  rather  constant  amplitude  over  the  entire 
anuary  to  March  time  period,  but  the  7-9  second  peak  is  more 
variable,  ranging  over  10  db  on  the  power  scale  even  when 
neglecting  the  May,  June,  and  August  samples  which  have  quite 
different  character.  Approximate  RMS  values  for  the  vertical 
component  have  been  calculated  on  the  noise  samples  having 
highest  and  lowest  apparent  amplitudes  by  numerically  integrat¬ 
ing  the  power  density  spectra.  The  sample  with  the  highest 
noise  level,  18  February,  has  an  RMS  of  approximately  5.2 
millimeters  assuming  a  film  magnification  of  10  ,  and  the 
sample  with  lowest  noise  level,  10  January,  has  an  RMS  of 
about  2.5  millimeters  assuming  the  same  magnification.  These 
values  of  RMS  from  the  integrated  spectra  agreed  with  RMS 
values  calculated  directly  from  the  corresponding  digitized 
time  series. 

Coherence  with  Microbarograph  Recordings 

Sorrells  (1969)  has  theoretically  predicted  the  response 
of  layered  media  to  atmospheric  pressure  fluctuations  and  has 
found  that  this  may  significantly  contribute  to  background 
noise  on  long-period  recordings,  especially  for  surface  instru¬ 
ments.  Capon  (1969)  has  demonstrated  empirically  with  LASA^ 
data  that  this  phenomenon  is  a  partial  component  of  observed 
background.  Data  taken  at  Murphy  Dome  corroborates  this  fact. 
Figures  5,  6,  and  7  illustrate  the  effects  of  atmospheric 
pressure  on  three  different  dates.  Figures  5a,  6a,  and  7a  show 
the  power  spectra  of  the  microbarograph,  ALPs,  and  Triax  re¬ 
cordings  for  each  of  the  dates;  and  Figures  5b,  6b,  and  7b  show 
the  corresponding  coherence  plots  between  each  of  the  six  seis¬ 
mic  components  of  motion  and  the  microbarograph  recording.  The 
three  cases  are  ordered  according  to  increasing  barometric 


activity.  For  the  first  case,  13  January,  in  Figure  5b  there 
is  significant  coherence  between  the  microbarograph  and  the 
ALPs  east  component  only;  this  results  in  a  higher  noioe  level 
shown  in  the  spectra  of  this  ALPs  component  in  Figure  5a  for 
the  frequency  band  where  coherence  is  good.  Figure  6a  shows  a 
similar  increase  in  noise  level  on  the  east  component  on  21 
February  due  to  the  atmospheric  pressure  coupling  with  the 
ground  as  evidenced  in  the  coherence  plot  in  Figure  6b  for  the 
east  component.  The  last  case,  on  18  February,  reveals  the 
effects  of  very  high  atmospheric  pressure  fluctuations  in 
Figures  7a  and  7b.  Coherence  plots  shown  in  Figure  7b  are  high 
for  the  surface  instruments  in  the  period  band  of  20  to  128 
seconds;  and  the  surface  vertical  instrument  has  significant 
coherence  with  the  microbarograph  at  periods  of  about  30  sec¬ 
onds,  unlike  the  previous  two  cases,  although  this  does  not 
result  in  a  higher  noise  level  at  that  period  for  the  ALPs 
recording  as  opposed  to  the  Triax  recording  in  Figure  7a.  The 
fact  that  all  three  cases  show  little  or  no  coherence  between 
the  microbarograph  and  the  vertical  recordings  while  there  is 
considerable  coherence  for  the  horizontal  recordings  is  in 
agreement  with  the  predictions  of  Sorrells  which  estimate  that 
the  effect  on  the  vertical  trace  amplitude  will  be  about  one 
order  of  magnitude  less  than  on  the  horizontal  trace.  For  the 

horizontal  instruments,  the  data  show  that  pressure  fluctuation 

2 

having  power  densities  greater  than  about  lOpbar  /cps  con¬ 
tribute  to  the  overall  background  noise  level  in  a  significant 
amount  between  periods  of  16  and  128  seconds  and  that  this 
atmospheric  generated  noise  is  greatly  reduced  (as  much 
as  10  db  in  power)  on  the  Triax  horizontal  component  because 
of  this  instrument’s  175  feet  displacement  from  the  surface, 
as  predicted  by  Sorrells. 
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In  Figures  8  through  10  we  investigate  the  direction  of 
noise  propagation  assuming  microseisms  having  Rayleigh-mode 
character  are  being  recorded.  Normal  north  and  east  components 
were  merely  rotated  in  30°  increments  to  obtain  radial  compon¬ 
ents  at  0°,  30°,  60°...,  180°  orientations.  Examination  of 
phase  angles  of  cross  spectra  between  these  and  the  vertical 
component  allows  us  to  choose  between  0  and  0  +  180°  as  the 
direction  of  propagation  after  the  approximate  (^20°)  line  of 
propagation  has  been  determined  by  the  best  coherence  between 
vertical  and  horizontal  components.  In  the  first  case  taken 
from  13  January,  Figure  8  shows  that  coherence  was  best  for 
the  horizontal  component  aligned  along  the  90°/ 270°  direction, 
and  phase  angle  information  from  the  spectral  program  indicated 
90°  as  the  direction  of  approach.  In  the  second  case  analyzed, 
9  February  in  Figure  9,  120°  was  found  to  be  the  direction  of 
approach.  Both  these  samples  then  suggest  microseisms  from 
Atlantic  Ocean  sources.  The  definite  peaking  of  the  coherence 
spectra  in  Figures  8  and  9  along  a  particular  direction  vali¬ 
dates  the  assumption  of  Rayleigh-mode  energy  propagating  uni- 
direct  ionally  on  these  two  dates.  Peaks  in  the  best  coherence 
spectra  for  rhese  two  cases  can  be  related  to  the  power  spectra 
peaks  in  the  14  to  20  second  and  7  to  9  second  period  bands 
seen  earlier  in  Figures  4a  and  4b.  Another  noise  sample  on 
June  2,  which  was  previously  noted  to  be  of  different  character 
was  analyzed  and  results  are  shown  in  Figure  10.  Since  no 
definte  peaking  in  the  coherence  spectra  as  a  whole  can  be 
found  when  the  radial  component  is  rotated,  this  seismic  noise 
is  not  dominated  by  Rayleigh-mode  microseisms. 


SIGNALS 


Several  signals  with  a  high  S/N  ratio  from  located  events 
were  processed  through  the  spectral  program.  Horizontal  com¬ 
ponents  of  motion  were  aligned  parallel  and  perpendicular  to 
the  back  azimuth  to  obtain  radial  and  transverse  components. 

Most  signals  analyzed  were  Rayleigh  (LR)  arrivals  although 
some  compressional  (P),  shear  (S),  and  Love  (LQ)  arrivals 
were  also  analyzed.  Table  4  lists  pertinent  epicenter  infor¬ 
mation.  All  three  components  of  both  the  ALPs  and  Triax  are 
shown  together  for  each  arrival  or  set  of  arrivals  in  Figure 
11  where  they  are  ordered  by  date  as  in  Table  4.  The  exact 
time  window  used  for  spectral  calculations  is  indicated.  The 
time  traces  are  not  scaled  to  relative  ground  motion;  however, 
the  spectra  of  these  signals  shown  in  Figures  12,  13,  and  14 
for  body-wave,  LQ,  and  LR  arrivals  respectively  are  scaled  to 
true  relative  motion.  We  do  not  expect  differences  to  exist 
in  power  levels  between  the  ALPs  and  Triax  instrument s--as  is 
apparent  in  these  comparative  spectra  for  a  well-recorded, 
high  S/N  ratio  arrival.  We  must  accept  inevitable  errors  in 
calibration  even  though  utmost  care  is  exercised  in  all  the 
processes  involving  reduction  of  data  to  true  ground  motion. 

However,  in  the  case  of  comparing  the  vertical  and  radial 
components  of  Rayleigh  motion,  as  shown  in  Figure  15,  the 
sy tematically  lower  power  level  on  the  radial  component  can 
be  interpreted  as  the  effect  of  the  ellipticity  factor  for 
Rayleigh-mode  particle  motion. 

The  coherence  between  ALPs  and  Triax  components  shown 
by  Figure  11  in  the  time  domain  seems  excellent.  To  rein¬ 
force  this  conclusion,  coherence  (  y)  was  calculated  in  the 
spectral  program  between  the  two  systems  for  all  the  signals. 

In  most  cases  coherence  was  nearly  unity  for  a  broad  band  of 
frequencies;  Figure  16  illustrates  typical  coherence  spectra  « 

between  these  two  types  of  instruments  for  body  and  surface 


waves . 


Theoretically,  the  coherence  between  vertical  and  radial 
components  of  motion  during  passage  of  a  Rayleigh-mode  signal 
should  be  unity,  but  Figure  17  shows  that  for  several  signals 
this  coherence  is  poor  over  most  of  t t  -  whole  frequency  band 
shown  and  good  only  for  a  small  band  where  the  signal  peaks. 

We  attribute  this  to  contamination  of  the  Rayleigh  wave  by 
laterally-refracted  LQ  waves  on  the  radial  trace  and  by  late- 
arriving  body-wave  phases  on  both  the  vertical  and  radial  traces. 

One  further  aspect  of  the  signal  analysis  concerns  the 
spectral  content  itself.  We  find  from  Figures  12  to  14  that 
the  signal  spectra  of  body  and  surface  waves  peaks  in  the 
range  of  16  to  30  seconds  period.  A  comparison  with  the  seis¬ 
mic  noise  spectra  shown  earlier  shows  that  this  range  overlaps 
the  noise  spectra  where  it  is  rapidly  decreasing  toward  the 
longer  periods  in  most  cases.  Thus  the  system  responses  employed, 
Figure  1,  are  nearly  optimum  filters  in  the  recording  of  film 
records  which  will  have  easily  identifiable  valid  seismic  sig¬ 
nals.  There  does  appear  to  be  sufficient  long-period  energy 
with  periods  greater  than  30  seconds  in  the  signals  analyzed 
to  warrant  its  exploitation  by  a  system  response  which  does 
not  cut  down  the  longer  periods  as  rapidly  as  that  presently 
employed.  Although  this  would  do  little  to  enhance  the  re¬ 
corded  signals  tor  visual  identification,  the  long-period 
energy  would  be  recorded  above  the  system  noise  level  so  that 
this  portion  of  the  spectra  could  be  used  in  later  analysis. 

In  this  regard  the  change  from  the  LRSM  to  ALPA  response  in 
Figure  1  was  an  improvement. 
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CONCLUSION 


The  seismic  background  at  Murphy  Dome  shows  variable 
character  but  normally  has  peaks  at  periods  of  about  16  and 
8  seconds  which  are  somewhat  classical  phenomena  in  seismology. 
From  the  limited  samples  studied  the  RMS  level  on  a  record 
varied  by  a  factor  of  two  at  most.  The  overall  level  of  the 
seismic  background  can  best  be  measured  by  the  peaks  at  periods 
of  about  16  and  8  seconds.  The  16-second  peak,  when  corrected 
for  the  system  response,  represents  about  0.2  microns  of 
ground  motion.  This  compares  with  about  0.1  microns  at  LASA 
as  shown  for  just  one  sample  by  Capon  (1969)  and  with  also 
about  0.1  microns  as  the  "world  average"  given  by  Oliver  in 
the  VESIAC  Advisory  Report  (1962)  on  seismic  noise.  The  peak 
at  about  8  seconds  is  more  variable  in  amplitude  at  Murphy 
Dome  but  represents  on  the  average  a  grourd  amplitude  of  about 
1  micron  which  is  again  about  twice  that  of  the  "world  average" 
given  by  Oliver.  Two  noise  samples  from  Murphy  Dome  revealed 
the  propagation  of  Rayleigh-mode  energy;  one  other  sample  with 
quite  a  different  power  spectra  did  not.  The  system  r.oise 
limits  information  on  seismic  noise  to  the  band  from  about  .02 
to  0.3  cps;  this  is  not,  however,  a  serious  problem  since  our 
interest  does  not  extend  beyond  these  limits  as  far  as  detect¬ 
ing  long-period  signals  from  teleseismic  events  is  concerned. 

The  spectral  analysis  of  several  signals,  both  bcdy  and 
surface  waves,  showed  the  system  response  to  be  ideally  suited 
to  the  emphasis  of  ordinary  signals  over  background  noise  at 
Murphy  Dome . 

The  comparison  of  the  ALPs  and  Triax  system  was  a  salient 
feature  of  this  report.  Coherence  between  ALPs  and  Triax  com¬ 
ponents  was  shown  to  be  excellent  both  in  the  time  and  fre¬ 
quency  domains  for  many  signals  with  high  S/N  ratios.  In 
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addition  to  providing  a  recorded  trace  which  matches  the 
standard  LRSM  recording  of  the  same  signal,  the  Triax  system 
has  accomplished  a  very  significant  reducrion  of  horizontal- 
component  noise  generated  by  atmospheric  pressure  fluctua¬ 
tions  due  to  its  location  at  depth.  This  reduction  was  as 
much  as  10  db,  and  this  affects  the  period  range  of  commonly 
recorded  signals  at  Murphy  Dome. 
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TABLE  1 


Abbreviations  for  Components  of  Motion 


Symbol  Component 


z 

ALPS  vertical 

ZT 

Triax  vertical 

N 

ALPs  north 

NT 

Triax  north 

E 

ALPs  east 

ET 

Triax  east 

R 

ALPs  radial 

RT 

Triax  radial 

T 

ALPs  transverse 

TT 

Triax  transverse 

TR1 

First  raw  Triax 

TR2 

Second  raw  Triax 

TR3 

Third  raw  Triax 

MBG 

Microbarograph 

TABLE  2 


Confidence  Limits  on  Coherence 


Computed  y 

.  6 

95%  lower  limit 

95%  upper  limit 

.17 

.78 

.7 

.34 

.84 

.8 

.  53 

.90 

.9 

.75 

.95 

.95 

.87 

.  98 

.975 

.93 

.99 

TABLE  3 


Noise  Sampl 

Date  (1969) 

10  January 

13  January 
9  February 

11  February 

18  February 
21  February 

14  March 
16  March 
30  May 

2  June 

19  August 


Times 

Time  Windows 

2048  seconds  starting  at 

08:20:00 

03:00:00* 

09:20:00* 

14:00:00* 

13:30:00* 

22:45:00* 

07:45:00 

05:45:00 

00:10:00 

02:00:00 

20:45:00+ 


*  Triax  components  used  for  spectra 
+  Gain  set  3  times  greater  than  normal 


* 


TABU:  4 


Epicenter  Data  for  Signals  Analyzed 


Origin 


Date 

(1969) 

Time 

(Z) 

Coordinates 

Distance 
(Degrees ) 

60.2 

Back 

Azimuth 

10  January 

03:20: 58 

29N,  13  IE 

275° 

13  January 

08:54:58 

8S ,  1 59E 

82.5 

233° 

15  January 

07:31:18 

5S,  1 34E 

89.3 

257° 

9  January 

15:34:43 

22N,  1 01E 

78.6 

298° 

12  February 

15:39:50 

56N,  163E 

25.0 

272° 

14  March 

08:47:23 

13N, 

8  7W 

66.3 

1110 

5  June 

20:39:56 

UN, 

41W 

87.3 

70° 

6  June 

16:15:57 

12N, 

88W 

66.8 

112° 

8  June 

14:49:26 

53N,  160E 

28.3 

270° 

3 S,  143E 


9  June 


06: 51:15 


83.8 


249° 
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Figure  4a.  Vertical  and  east  component  noise  spectra  - 
SAMPLES  BEFORE  1  MARCH  1969. 
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Figure  4b.  Vertical  and  east  component  noise  spectra  - 
samples  after  1  March  1969. 
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Figure  5b.  Coherence  between  microbarograph  and  seismograph 
RECORDINGS  ON  13  JANUARY  1969. 
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Figure  6b,  Coherence  between  microbarograph  and  seismograph 
RECORDINGS  ON  21  FEBRUARY  1969, 
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Figure  9.  Coherence  of  vertical  and  rotated  horizontal  com¬ 
ponents  on  9  February  1969. 


Figure  10.  Coherence  of  vertical  and  rotated  horizontal  com¬ 
ponents  on  2  June  1969. 
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Figure  II.  (Cont'd.)  Recorded  vertical,  radial,  and  trans¬ 
verse  COMPONENTS  FOR  THE  SIGNALS  ANALYZED. 


Figure  11.  (Cont'd.)  Recorded  vertical,  radial,  and  trans¬ 
verse  COMPONENTS  FOR  THE  SIGNALS  ANALYZED. 


Figure  II.  (Cont'd.)  Recorded  vertical,  radial,  and  trans¬ 
verse  COMPONENTS  FOR  THE  SIGNALS  ANALYZED. 


Figure  11.  (Cont'd.)  Recorded  vertical,  radial,  and  trams 
VERSE  COMPONENTS  FOR  TRE  SIGNALS  ANALYZED. 


(Coht'd. )  Recorded  vertical,  radial,  and  trans¬ 
verse  COMPONENTS  FOR  THE  SIGNALS  ANALYZED. 
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Figure  12,  Power  spectra  of  body  waves  recorded  simulta¬ 
neously  ON  THE  ALPS  AND  TRIAX  SYSTEMS. 
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(Cont'd.)  Power  spectra  of  Rayleigh  waves 

RECORDED  SIMULTANEOUSLY  ON  THE  ALPS  AND  TrIAX  SYSTEMS. 


POWER  DENSITY  W cpt  *1  04  c««  of>l,l  POWER  DENSITY  u./c»t  M  04  m  Mlrl 


Figure  15.  Power  spectra  of  Rayleigh  waves  recorded  simulta¬ 
neously  ON  THE  ALPS  VERTICAL  AND  RADIAL  COMPONENTS. 
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r,'<;uRE  15,  (Cont’d.)  Power  spectra  of  Rayleigh  waves 

RECORDED  SIMULTANEOUSLY  ON  THE  ALPS  VERTICAL 
AND  RADIAL  COMPONENTS, 
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Figure  15. 
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(Cont'd.)  Power  spectra  of  Rayleigh  waves 

RECORDED  SIMULTANEOUSLY  ON  THE  ALPS  VERTICAL 
AND  RADIAL  COMPONENTS. 
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Figure  16,  (Cont'd.)  Coherence  between  ALPs  and  Triax 

COMPONENTS  FOR  SEVERAL  SIGNALS, 
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variable  character  and  the  RMS  to  range  from  2.5  millimeters  to  5.2 
millimeters  on  a  trace  magnified  105  times  with  the  standard  LRSM 
system  response.  Due  to  its  location  at  depth  the  triaxial  instru¬ 
ment  significantly  reduced  background  noise  on  horizontal  compon¬ 
ents  caused  by  atmospheric  pressure  changes.  Coherence  between 
triaxial  components  of  motion  and  corresponding  LRSM  components 
was  excellent  for  most  signals  analyzed. [  j 


r 


1 4  KEY  W9AOS 

Seismic  Noise 
Coherence 

Triaxial  Seismometer 


Mi crobarograph 
Propagating  Noise 
ALPA 


